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Tuesday, February 28, 2012 447atransduction mechanisms [1]: (1) intra-domain conformational changes and (2)
inter-domain conformational changes. The intra-domain mechanism has a sig-
nificant hydrogen bond rearrangement within the domain containing the P-loop,
causing relative motion between two parts of the protein. The inter-domain
mechanism exhibits little conformational change in the P-loop domain. Instead,
the major conformational change is observed between the P-loop domain and
an adjacent domain or subunit containing the arginine finger. These differences
in the mechanical transduction mechanisms may link to the underlying energy
surface governing a Brownian ratchet or a power stroke. This work is supported
by NSF grant CMMI-1125760. [1] Liao, J.-C., (2011)Mechanical Transduction
Mechanisms of RecA-like Molecular Motors, J Biomol Struct Dyn, in press.
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Structural and Energetic Details of the DNA-Binding and Cleavage Core
of Saccharomyces Cerevisiae Topoisomerases II Linked to DNA through
its Active Site Tyrosine
Ahmet Mentes, Eunae Kim, Ioan Andricioaei.
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DNA topoisomerases are enzymes that can change the topological state of
DNA without changing its primary structure by changing the linking number
of the molecule. Topoisomerases are able to solve all the topological problems
of DNA that arise during such processes as replication, transcription, recombi-
nation or chromosome separation. In our study, S. cerevisiae topoII structure is
used to investigate structural and energetic changes of the protein from initial
state to final state ( our final state is the DNA-TopoII complex when the protein
binds to DNA and the stage just before the DNA cleavage by TopoII). The sec-
ond goal is to investigate conformational changes of cleavage dependent DNA-
gate and C-gate mechanisms of the protein after the protein captures the DNA.
Lastly, we aim to get the transition rate constants from free energy profile by
employing umbrella sampling method after defining the reaction pathway. In
order to investigate the conformational changes during DNA-gate and C-gate
opening and/or closing processes, small perturbations are introduced by using
HQBMD (Half Quadratic Biased MD) and TMD (Targeted MD) methods by
performing a version of CHARMM (Chemistry at HARvard Macromolecular
Mechanics).
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Importance of Local Interactions for the Stability of Inhibitory Helix 1 of
Ets-1 in the apo State
Aleksandra M. Karolak, Arjan van der Vaart.
USF, Tampa, FL, USA.
DNA binding induces the unfolding of inhibitory helix 1 (HI-1) in the Ets-1 hu-
man transcription factor. To investigate the local interactions that stabilize HI-1
in the apo state, we performed simulations of various Ets-1 constructs. Our
results show that the HI-2 and H4 helices stabilize the helical state of HI-1
through specific residue-residue contacts and macrodipolar interactions. The
importance of these contacts was verified by simulations on Ets-1 mutants.
Our calculations indicate the importance of local interactions for the stability
of the HI-1 helix in the apo protein.
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Free energies are important thermodynamic quantities often needed to describe
chemical processes and protein-ligand binding. Accurate calculation of free en-
ergies has been done using molecular dynamics (MD) simulations, but these
values are often limited due to the conformational ‘‘trapping’’ of a given system
in a free energy minimum. Accelerated molecular dynamics (aMD) is a hamil-
tonian-modifying method in which the sampling problem is mitigated by add-
ing a bias to the potential energy term, making it easier to traverse the
conformational landscape. By coupling this method with replica exchange (RE-
XAMD), it is further enhanced, evading the statistical re-weighting problem.
We show that REXAMD is ideal for computing accurate solvation free energies
of small molecules.Protein Dynamics II
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Allosteric Inhibitors Alter the Dynamic and Thermodynamic Properties of
the RNA Polymerase from Hepatitis C Virus
Brittny Davis, Ian Thorpe, Ph.D.
University of Maryland- Baltimore County, Baltimore, MD, USA.The Hepatitis C Virus (HCV) affects approximately 200 million people
throughout the world, which makes it a world health concern. There is no
cure for this disease and there are very few effective treatments. The HCV
RNA polymerase (NS5B) has become a drug target because of its importance
for viral replication. Currently, there are four allosteric binding sites that have
several inhibitors that can bind in them. However, the molecular mechanisms
that underlie allosteric inhibition are unclear from the structural data alone.
We employ molecular dynamics simulations and principle component analysis
in order to understand how the presence of allosteric inhibitors impacts the
structure and dynamics of NS5B. By understanding the structural, dynamic,
and thermodynamic changes that accompany ligand binding, we hope to deter-
mine the molecular origins of allosteric inhibition in NS5B. In addition, this in-
formation may aid in the development of novel and more effective inhibitors
for NS5B.
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Regulation of GAL genes in Sacharomyces cerevisiae is governed by at least
three proteins, Gal3p/Gal1p, Gal80p and Gal4p. Though Gal3p/Gal1p interac-
tions with Gal80p are induced by the presence of ligands ATP and galactose,
neither the induction mechanisms nor the galactose activated binding surface
of Gal3p with Gal80p is known. In our lab (under review) we had shown
that the presence of ligands ATP and galctose are responsible for local confor-
mational changes in inducer proteins Gal3p and Gal1p. We also showed that
Gal3p behaves differently from Gal1p, and a large hydrophobic surface opens
up only on the surface of Gal3p in the presence of ligands ATP and galactose.
Further the initial docking studies suggested these regions may be the possible
interface between Gal3p/Gal1p and Gal80p. Continuing these studies, in this
work, we address the nature of Gal3p-Gal80p and Gal1p-Gal80p interactions
and the role of several residues involved in specific interactions at the interface.
Our results indicate that though Gal80p invariably docked at same surface of
Gal1p in all docked models, it behaves differently with Gal80p. Unlike
Gal1p-Gal80p complexes Gal3p-Gal80p complexes always involved the
same interacting surfaces in all docked models. Further the interaction potential
energy for Gal1p-Gal80p complexes are mostly dominated by Van der Waal
interactions. In contrast, approximately equal contributions of coulomb and
Van der Waals interactions comprised potential energy of Gal3p-Gal80p com-
plexes. Observations of various interface parameters suggested that Gal3p-
Gal80p interactions are involved in a biologically more significant complex
formation in comparison to Gal1p-Gal80p complexes. Thus, the above differ-
ences at the interface might be permitting Gal3p to act as transcriptional
inducer with higher specificity in comparison to Gal1p though both are homol-
ogous proteins and share about 92% sequence identity.
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Yingqian Ada Zhan, F. Marty Ytreberg.
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The level of transcription factor p53 is negatively regulated by E3 ubiguitin li-
gase murine double minute clone 2 (MDM2). The interaction between p53 and
MDM2 is essential for the survival of the cell and for organism activity. Struc-
tural studies revealed that MDM2 binds to p53 transactivation domain
(p53TAD) from residues 17 to 29. The K24Nmutation of p53TAD is a naturally
occurring mutation that is found in human choriocarcinoma cell lines. In this
study we used molecular dynamics simulation to determine how the K24N mu-
tation affects the affinity, structure, and dynamics of p53TAD binding to
MDM2. The results suggest that the K24N mutation decreases the affinity be-
tween p53TAD and MDM2 due primarily to the entropic contribution to the
binding free energy. The results are consistent with experiments and show
that this entropy difference is due to a change in the structure of the protein-
protein complex that increases the bound flexibility of both the mutant
p53TAD and MDM2.
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Tryptophan is a spectroscopic marker of protein environment because the fluo-
rescence emission maximum of its residue, indole, is sensitive to both solvent
and the immediate protein environment. The ease of measuring indole
448a Tuesday, February 28, 2012fluorescence accounts for the popularity of characterizing proteins via this
spectroscopic technique. However, molecular level detail that accounts for
emission shifts is lacking. Here we address the problem of emission shifts
caused by amino acid conformational changes in aqueous solution by examin-
ing a variety of tryptophan dipeptides in the zwitterionic and anionic states.
In addition to fluorescence emission, we employ UV resonance Raman
(UVRR) spectroscopy, molecular dynamics simulation, and ab initio calcula-
tions. In our previous study of TrpGly and GlyTrp dipeptide species, a correla-
tion between fluorescence emission shifts and UVRR W10 band shifts and
W7 band intensity ratios were discovered. Nanosecond molecular dynamics
simulation coupled with energy minimization showed that the dipeptide
species adopt two basic conformations: one with a ‘stretched’ backbone or
one with a ‘curled’ backbone. For TrpGly zwitterions in the stretched
conformation, the terminal amine cation is 2.44 A˚ from the pyrrole ring C3.
The Stark effect predicts that a positive charge near the pyrrole ring blue
shifts the emission maximum, which is observed. Remarkably, rotamers
do not show a correlation with the dihedral angle, chi 2. Rather, the dihedral
angle, chi 1, takes on three discrete values that account for the ‘stretched’
and ‘curled’ backbone conformations. We have continued in this manner to
study Trp dipeptides with Glu, Lys, Tyr, His and Trp, showing that both the
pattern of backbone interaction with the indole and the spectroscopic pattern
of changes with dipeptide species persists in spite of residue variation in charge,
aromaticity and size.
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Atomistic Simulations of Dominant Pathways in Protein Folding: From
a Simple WW Domain to a Complex a Knotted Protein
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MD simulations of protein folding using parallel or distributed computing can
at most assess small chains with folding times in the ms range. The Dominant
Reaction Pathways (DRP) approach now allows to simulate the folding of
medium-sized proteins on just few tens of CPUs. We discuss the results of
the DRP simulations of the folding of two proteins with different size: the
35 aminoacid WW domain Fip35 and the 83 aminoacid knotted protein
YibK. Our results for Fip35 agree with those obtained by Shaw and co-
workers, indicating a dominant path in which the first hairpin folds before
the second. However, at temperatures below the folding temperature a sub-
dominant pathway emerges, in which the order of formation of the hairpins
is reversed. This finding
can explain the results of
the phi-value analysis of
Ja¨ger and co-workers.
Next, we present our re-
sults of the folding
YibK, a much more
complex protein with
a self-entangled native
structure and we discuss
how the dominant fold-




The Geometrical Origins of a Protein Folding Mechanism
Heiko Lammert, Jeffrey K. Noel, Jose N. Onuchic.
University of California San Diego, La Jolla, CA, USA.
The principle of minimal frustration, drawn from energy landscape theory, is
realized in structure-based protein models. Folding mechanisms for many pro-
teins are reproduced by these models exclusively on the basis of geometrical
constraints inherent to the structure of the native state. We demonstrate how
excluded volume interactions are instrumental in making these geometrical
constraints effective, and we identify the interactions that determine the struc-
turally polarized transition state of an SH3 domain.
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Entropic Insights from Millisecond Protein Simulations
Andrew T. Fenley, Michael K. Gilson.
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The configurational landscape of proteins and other macromolecules contains
distinct and possibly long lived states that differ minimally in their total free
energy. However, the similarity in the respective total free energy of theselong lived states can mask drastic differences in their free energy profile, i.e.
alternative balances of entropy and enthalpy. An accurate investigation of these
differences requires an exhaustive search of the configurational space coupled
with tools capable of elucidating the key interactions and correlations that gov-
ern the states and their associated transitions. Here we use the recently pub-
lished Anton 1ms molecular dynamics (MD) trajectory of bovine pancreatic
trypsin inhibitor (BPTI) coupled with the mutual information expansion
(MIE) of the configurational entropy to develop an in depth analysis of a major
conformational divide controlled by a single disulfide bridge. The disulfide
bridge flips the system between two states that are similar in free energy but
different in entropy and enthalpy. Due to the unprecedented level of configura-
tional sampling from the 1ms MD trajectory, we are able to account for 3rd
order correlation terms of the coordinates in the MIE formalism, which yield
a non-negligible addition to the total configurational entropy. These novel cal-
culations provide insight regarding the fundamental mechanisms of entropy-
enthalpy compensation.
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Patricio O. Craig1, Ryan M.B. Hoffman1, Joachim La¨tzer2,
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The analysis of kinetic and thermodynamic data measured at single residue
level, and the perturbation produced by mutagenesis or denaturant agents,
may be useful for tuning simulation parameters, and provide a precise descrip-
tion of proteins structural dynamics. Phi value and hydrogen exchange are
some of the experimental techniques that provide this type of information at
different depths on the folding funnel. The development of methods to quanti-
tatively compare these experimental parameters with simulation is required.
We recently developed a method for the quantitative analysis of native HX pro-
tection factors in EX2 conditions using coarse grain structure based model sim-
ulations, which allow a fast and thorough analysis of both local and global
unfolding transitions. This analysis applied to ubiquitin, chymotrypsin inhibi-
tor, and Staphylococcal nuclease, allowed us to establish optimum structural
definitions for the exchange competent and incompetent states. In this work,
we extend the method to study the exchange dynamics of ubiquitin in the
EX1 limit, which provides information about the rate of the opening reactions.
A variety of simulation models with homogeneous, heterogeneous, additive as
well as non additive contact potentials were evaluated for their agreement with
experiment.
Acknowledgments: Financial support NIH.
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A protein’s conformation depends on the protein’s chemical and physical envi-
ronment, including the temperature, pH, and denaturant concentration. The
changes in protein structure can be visualized by Fo¨rster resonance energy
transfer (FRET) between donor and acceptor fluorescent dyes bound to separate
residues on the protein. One method of studying protein folding kinetics is the
temperature jump, where a protein sample is quickly heated by a laser pulse to
trigger a change in the protein conformation. During and after the pulse, a fluo-
rescence excitation laser illuminates the protein sample and the FRET signal is
collected. Traditional temperature jump methods have very short heating times
(~1 ns), facilitating the observation of protein folding events triggered by heat-
ing. However, due to the relatively large heated volume (~1 nL), the long cool-
ing time (hundreds of ms) obscures cooling-driven protein folding events (tens
of ms). In order to observe fast folding events, the protein sample is often placed
in non-native conditions: its unfolded state is imposed by low temperatures,
usually at a high denaturant concentration, so that the heating laser pulse will
induce the protein to refold. We have designed a novel system, which
we call the inverse temperature jump or iT-jump, that enables observations
of fast folding transitions by cooling the protein sample on a timescale
of<1 ms. The rapid cooling is made possible by placing the sample in a shallow
microfluidic channel and tightly focusing the heating laser beam to a volume
of ~1 fL. The proposed system inverts the existing T-jump paradigm, as the
